and adolescents who died from external causes that aortic fatty streaks were related to cardiovascular risk factors such as plasma lipoproteins and blood pressure, which had been followed longitudinally (3, 7) . Studies conducted at earlier ages have shown the presence of fatty streaks in the aorta in children at 3 years of age, and in the coronary arteries about one decade later (8, 9) . Such observations on the natural history of atherosclerosis support the concept that this morbid process starts in childhood and develops insidiously during adulthood. These observations also indicate that cardiovascular risk factors might accelerate the atherosclerotic process, and that they can be discoverable in early childhood.
The majority of studies on cardiovascular risk factors have been performed in adults. The above observations outline the importance of performing such studies in children, for several reasons. Interventions against cardiovascular risk factors are probably more meaningful at a young age, before severe lesions which ultimately lead to clinically manifest disease have appeared. In addition, genetic susceptibility to 867 cardiovascular disease and its predictive risk factors is probably easier to detect in childhood, because environmental factors, which tend to disturb expression of a person's genetic background, presumably have had less influence in young children than in adults.
Studies of cardiovascular risk factors in children began in the United States during the 1970s (10, 11) , and have since been followed by several other reports (for a review, see Wynder et al. (12) ). Of particular importance are the studies performed in areas known to have a high prevalence of cardiovascular disease, such as Finland, where a comprehensive study of the prevalence of cardiovascular risk factors in children has been going on since 1980 (13, 14) .
The Province of Luxembourg in Belgium is an area with a high prevalence of cardiovascular disease and non-insulin-dependent diabetes mellitus, with associated risk factors being seen in the adult population (15, 16) . This area is rural and is characterized by a stable population of homogeneous ethnicity. These observations initiated the present study, with the purpose of determining the prevalence of established cardiovascular risk factors among children living in this region. Observations have included the determination of anthropometric variables, plasma lipids, and insulin levels, as well as blood glucose and blood pressure, which were analyzed in relation to familial, socioeconomic, lifestyle, and nutritional factors.
In this paper, the design, participation rate, and results of cardiovascular risk factor measurements are reported.
MATERIALS AND METHODS

Population
Selection. The Province of Luxembourg is located in the southeastern comer of Belgium and has common borders with France and the State of Luxembourg. In 1992, the number of inhabitants was approximately 230,000 (17) . Historically, the population has been remarkably stable, and it remains so at the present time, with little migration out of the province and few immigrants; the people are essentially of Wallonian origin. (Wallonia is the French-speaking part of Belgium.) Many marriages between relatives are known to have occurred. The province is mainly rural, with a low population density. There are no heavy industries; public offices, tourism, and agriculture are the major sources of income.
When the study was performed in 1992, the number of children in the province in the age strata studied (6-12 years) was about 19,400. Attendance at elementary school is legally required in Belgium; therefore, it was possible to define the total population corresponding to the age range in question, from which a group was selected. All school classes in the province were listed, and a random sample of school classes was selected by means of a computer randomization procedure. The three school systems in BelgiumCatholic, state, and communal-were also taken into account in this randomization, to rule out potential socioeconomic bias.
Classes were selected instead of individuals on the assumption that peer pressure would better motivate children to participate. Three age groups were selected in order to detect a potential influence of age on the risk factors, and to allow for possible studies of secular trends in the future. Based on the ages of the children at the time of medical examination, they were classified into three age groups: 6-8, 8-10, and 10-12 years. In total, 1,028 children were included in the final cohort studied. This represents 5.6 percent of the population in this age range (6-12 years) in the Province of Luxembourg (17) .
Inclusion criteria were certification of Belgian nationality for the child and at least one parent, and residence in the province. Exclusion criteria were chronic illness (coeliac disease, renal dysfunction, congenital heart disease (n = 11)) and not being in a fasting state for blood analyses (n = 21). Postmenarcheal girls (n = 10) were examined separately.
Participation. Considerable efforts were made to obtain a participation rate as high as possible by offering repeated information sessions. Detailed information on the study and its purposes was provided orally and in writing to the teachers, and repeatedly to the children in the classes selected. Written information was sent to parents, certifying access to unlimited further information about the study. Parents who initially did not want their children to participate were repeatedly approached by a teacher, a social worker, and the observers/interviewers for encouragement. The final participation rate was 70.3 percent. The composition of the final population of children enrolled in the study is shown in table 1.
Nonparticipants. Nonparticipants were defined as children who were selected in the initial randomization procedure but did not want to participate. The number of these children is shown in table 2, and they were analyzed separately using data obtained (mainly) from medical school records, and also from questionnaires completed by the parents. The largest fraction (65.8 percent) of the nonparticipating families did not provide any reason for their unwillingness to be included. In the remaining group, lack of time (8.0 percent) and interference with private life (9.3 percent) were often given as reasons for the child's not participating.
Comparisons of anthropometric data between chil- dren who participated and those who did not revealed no differences in height, body weight, or body mass index. Families of nonparticipating children were characterized by having lived in the province for a long time, by having few members, and by the parents' having less education and lower social status (data not shown).
Ethical considerations. Detailed oral and written information on the study and its protocol was provided to the children, parents, and teachers. Confidentiality of the information obtained was secured by coding procedures and by storage of the data under locked conditions. The study was approved by the Ethical Committee of the Catholic University of Louvain, Brussels; the Department of Health and Welfare and Education of the Belgian government; and by the authorities of the Province of Luxembourg.
Procedure
The data were collected by a team consisting of the study's principal investigator (M. G.), three dietitians, and two school nurses. Assistance was also obtained from a social worker. The team was first extensively informed about the context, aims, and significance of the study. Training in taking measurements and recording data included exercises on measuring the anthropometric variables, blood sampling, and blood pressure. Furthermore, the team was trained in obtaining responses to questionnaires through mimicked interviews, cross-checked by additional questions. Interindividual differences among the examiners were evaluated. Thereafter, the feasibility of the study was tested under field conditions in a group of 30 children of the same ages as those examined in the final cohort. These results were not included in the study.
The physical examinations were generally performed at a medical center in the province between 8:30 a.m. and 11:30 a.m. during the period April-June 1992. The children were repeatedly instructed not to eat anything after 8:00 p.m. on the night preceding the medical examination, and to only drink water the next morning. The examination started with blood sampling, followed by a rest period, whereafter the anthropometric measurements were performed and the questionnaires filled in. The examination ended with recordings of blood pressure and heart rate. The methods of measurement were standardized according to the MONICA manual (18) and World Health Organization recommendations (19) .
Blood pressures were recorded with a mercury sphygmomanometer, with cuff size depending on the diameter of the child's arm. Recordings were performed on the right arm while the child lay in a supine position after 15 minutes' rest under quiet and relaxed conditions. The cuff was rapidly inflated to 180 mmHg and the mercury was run down promptly at a rate of about 2 mm per second. Systolic pressure was recorded at the first appearance of arterial sounds and diastolic pressure at the disappearance of sounds (Korotkoff phase V). Measurements were performed in triplicate and were averaged to the nearest 2 mmHg.
Heart rate was recorded concomitantly over a period of 30 seconds by palpation over the radialis artery.
Height was recorded to the nearest 0.5 cm while the child stood in an upright position without shoes, with feet joined and eyes looking straight ahead. Body weight was recorded to the nearest 0.1 kg on a mechanical balance (Seca, Brussels, Belgium). Body mass index (Quetelet index) was calculated as weight (kg) divided by height (m) squared.
Skinfold thicknesses were recorded at two different sites with a Harpenden caliper on the child's right side, while the child was in an upright position. The skinfold was seized between the thumb and forefinger, and the caliper was applied and read when recordings had stabilized. Triceps skinfold was measured with the child's arm hanging down, halfway between the tip of the acroraion and the tip of the olecranon, marked beforehand with a pen. Subscapular skinfold was measured just below the tip of the scapula. The values were recorded to the nearest millimeter and represented the average of two measurements.
Waist and hip circumferences were recorded with a nonelastic measuring tape in a normal respiratory position, with the child standing upright and the observer sitting in front. Waist circumference was measured horizontally midway between the lower rib margin and the iliac crest, and hip circumference was measured where the recording yielded the maximum value over the buttocks. Measurements were registered in millimeters, and the waist: hip circumference ratio was calculated.
Blood samples were obtained as capillary blood from a fingertip after warming of the hand by repeated massages. The blood was collected in 300-pil microtubes containing potassium fluoride (Sarstedt, Antwerpen, Belgium) for blood glucose determinations. Microtubes (300 /xl) containing ethylenediaminetetraacetic acid (Sarstedt) were used for lipid and insulin determinations. Samples of blood were centrifuged, and plasma was separated. Samples for measurement of blood glucose, plasma cholesterol, and triglycerides were stored on ice and analyzed within 2-3 hours, while samples for insulin determinations were frozen and stored at -20°C until they were analyzed (within 4 months). All analyses were performed in duplicate.
Blood glucose concentration was measured manually with a Beckman glucose analyzer 2 (Beckman Instruments, Inc., Fullerton, California) using a single batch of reagents purchased from the manufacturer. Results are given in mg/dl. In the range of concentrations measured, the standard error of the method was found to be less than 10 percent.
Plasma insulin levels were determined by radioimmunoassay (Phadebas; Pharmacia, Uppsala, Sweden) using human insulin as the standard. The method was modified to allow determinations at low concentrations by applying several standards at low insulin concentrations. The storage conditions at -20°C for 4 months had no influence on the results, as verified in separate experiments. Insulin values are expressed in piU/ml. The standard error of the method at the concentrations measured was less than 10 percent.
Total plasma cholesterol concentration was determined by means of an enzymatic, colorimetric method (Monotest; Boehringer Mannheim, Germany). The reagents were purchased from the manufacturer; all samples were analyzed in the same batch. Results are given in mg/dl. The standard error of the method for the concentration ranges observed was less than 5 percent.
Plasma triglyceride levels were measured with an enzymatic colorimetric method (Sera-Pak; AMES, Bayer, Leverkusen, Germany) with one batch of reagents purchased from the manufacturer. Results are given in mg/dl, and the standard error of the method was less than 10 percent.
Quality control for blood and plasma measurements was performed as follows. Standard solutions utilized were D-glucose (150 mg/dl) in water for glucose, Preciset cholesterol (Boehringer) for cholesterol, and glycerol solution (Sera-PAK) for triglycerides. For insulin, standards of known human insulin concentration, as provided commercially (Pharmacia), were used in appropriate dilutions.
Two control sera were tested after each set of analyses of blood glucose and plasma lipids, one in a normal range of concentration and another in an elevated range. Monthly coefficients of variation ranged from 0.7 percent to 2.3 percent, from 1.0 percent to 1.6 percent, and from 0.9 percent to 1.5 percent for glucose, total cholesterol, and triglycerides, respectively. Interlaboratory controls were established by comparing the results of several laboratories using the same standard sera. A target value is obtained by calculating the average of the different values observed in different laboratories. In our laboratory, the differences from this average target value during the period in question were approximately +2 percent, +0.1 percent, and -0.6 percent for glucose, total cholesterol, and triglycerides, respectively. The insulin levels were assessed using several standards in the concentration range 5-20 /xU/ml.
Standardized questionnaires for gathering information on socioeconomic factors and familial medical history were sent to the parents along with careful instructions. Simultaneously, a 3-day food record was started at the school. Responses to the questionnaires were then reviewed and completed during a visit of a dietitian to the home of each proband.
The questionnaires contained questions on the occurrence of hypertension, hypercholesterolemia, obesity, stroke, diabetes, or cardiovascular diseases among parents, grandparents, uncles, or aunts, as established by a physician. Furthermore, information on psychosocial and socioeconomic status, as well as educational and anthropometric data, was collected from parents. Birth weight, physical activity, nutritional factors, and any use of cigarettes and alcohol were recorded for the children. The results of these analyses will be reported separately. 
Data processing and statistical methods
Before analyses, stored data were checked twice against the primary data (by independent persons). The Statistical Analysis System was used for data analyses (20) .
Standard methods were used to compute general statistics (mean values and standard deviations). Analysis of variance, using the GLM procedure, was applied for mean comparisons between groups. Paired comparisons were performed with the Student's t test.
Correlations between risk factors were tested using the REG procedure. These procedures fitted linear models by least squares.
To prevent erroneous conclusions due to deviations from the assumptions underlying the methods (independence, normal distribution), alternative procedures were used. For the variables whose values apparently deviated from the assumption of a normal distribution (such as triglycerides and insulin), results were retested after logarithmic transformation by a nonparametric test (Wilcoxon). Since no differences among the results were observed, those data are not presented.
Because age is an important confounding factor, this parameter was considered as a concomitant variable. As indicated, some analyses were performed separately for boys and girls.
Two-tailed tests were used, and p values less than 0.05 were considered significant.
RESULTS
The results of the anthropometric measurements are shown in table 3. The distribution of values seemed to be skewed to the right for all variables except height. This was particularly pronounced for skinfolds (not shown). All anthropometric variables were significantly higher with increasing age in both boys and girls, except waist: hip ratio, which was significantly lower with increasing age in girls. In comparisons between the sexes, boys had lower skinfolds and higher waist:hip ratios than girls in all age groups, and boys were significantly shorter and lighter in the oldest age group (10-12 years). There was no difference in body mass index between the two sexes.
The results of determinations of blood glucose, plasma lipids, insulin, and blood pressure are given in table 4. The distribution of values was apparently shifted somewhat to the right for cholesterol (figure 1) and was clearly more pronounced for triglycerides ( figure 2) and insulin (figure 3) . Systolic blood pressure (figure 4) apparently also showed the same tendency, while this was not the case for diastolic blood pressure and glucose (not shown). In no case was there any suggestion of separation into high and low sub- groups. In general, these values also increased with increasing age in both sexes, with the exception of cholesterol in girls. In comparisons between the sexes, girls had higher triglyceride and insulin levels in the 10-12 age group, lower blood glucose levels in the 8-10 and 10-12 age groups, and lower diastolic blood pressure in the 8-10 age group. The girls who had passed menarche (n = 10) were compared with those in the group aged 10-12 years who had not (table 5). The postmenarcheal girls were taller and heavier and had higher values for skinfolds, body mass index, insulin, and systolic blood pressure but a lower total cholesterol level.
The interrelations between anthropometric variables, blood chemistry, and blood pressure were examined after adjustment for age. The relations between the listed factors were tested by multiple regression procedures to examine the relations for each risk factor independently of the other risk factors. In general, highly significant correlations were found. A summary of these correlations is given in tables 6 and 7 for boys and girls, respectively. Interrelations were found most frequently, in both boys and girls, Insulin (jiUrtnl) among a cluster of variables containing body weight, height, skinfolds, insulin, triglycerides and systolic blood pressure. In contrast, in multiple regression analyses, cholesterol showed a relation only with triglycerides (p < 0.0001) and glucose had a relation only with insulin (p < 0.0001). In addition, in girls, cholesterol showed a negative correlation with insulin (p = 0.0004) and glucose a positive correlation with triglycerides (p = 0.007) and systolic blood pressure (p = 0.045). In boys, the waist: hip ratio had a relation only with body mass index (/? = 0.019) and triceps skinfold (p < 0.0001). Waist:hip ratio was negatively related to height (p = 0.012) in girls. In both sexes, the highest number of correlations in the multiple regression analyses (n = 9) was found for body mass index. The variables with the next highest number of correlations, correlating with eight other cardiovascular risk factors, were, for boys, body weight and triceps and subscapular skinfolds and, for girls, insulin and subscapular skinfold. Cholesterol and waist: hip ratio were the two variables that showed the fewest relations (one or two) with the other cardiovascular risk factors. Because of the above findings, the relations between body mass index and a cluster of metabolic variables, including glucose, insulin, triglycerides, and systolic blood pressure, were further analyzed. Body mass index was divided into quintiles, after age adjustment, and values above the mean plus one or two standard deviations were determined for glucose, insulin, triglycerides, and systolic blood pressure. Thereafter, the number of children who had at least one of these parameters with elevated values (>1 and >2 standard deviations) was calculated in each of the body mass index quintiles ( figure 5 ). An increasing prevalence of children with elevated values was found with increasAm J Epidemiol Vol. 144, No. 9, 1996 874 Guillaume et al.
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lower, and was significantly higher in the fifth quintile, but few children had three or more risk factors combined (not shown). Similar analyses were also performed after division of insulin values into quintiles, now placing body mass index among the other risk factors (figure 6). The results clearly showed a clustering of other risk factors in the fifth insulin quintile, reaching about 63 percent for mean plus one standard deviation and about 24 percent for mean plus two standard deviations. Additionally in these analyses, the prevalence of individuals with more than one risk factor was significantly higher in the highest insulin quintile, but few children had three or more risk factors combined. ing body mass index in both boys and girls, reaching values in the fifth quintile of about 64 percent for mean plus one standard deviation and about 28 percent for mean plus two standard deviations. The prevalence of children with more than one elevated risk factor was
DISCUSSION
In the present study, approximately 70 percent of the original sample selected volunteered to participate. The nonparticipants were partially characterized and were found not to differ from participants with regard to anthropometric variables. However, some socioeconomic differences were found. This might have decreased the capacity to generalize the results obtained to some extent. Participation rates vary considerably among epidemiologic studies carried out in children and adolescents. Several have reported more than 80 percent participation (21) (22) (23) (24) , usually in samples of children aged 10 years or older. Other studies, however, have reported lower figures (11, 14, 25) comparable to those of the present study. The inclusion of younger children in these reports might have influenced total participation, as in the present work.
The elevation of triglyceride, insulin, glucose, and blood pressure levels with age has been reported repeatedly in previous studies (12, 13, (26) (27) (28) (29) (30) (31) (32) (33) (34) . It is also well known that boys are smaller and lighter than girls at the prepubertal ages of 10-12 years (10). Lower waist: hip ratio values in girls than in boys were found not only in the prepubertal age group (10-12 years) but also in the youngest age group (6-8 years). Women have lower waist: hip ratios than men (35) (36) (37) (38) (39) . It is apparent that this sex difference can also be found in young children, confirming previous observations (35, 40) . It seems unlikely that this sex difference in children is due to differences in the distribution of body fat, because the total body fat mass of children at these ages is generally small. Other factors, such as skeletal and muscular components, included in the circumference measurements constituting the waist: hip ratio are therefore probably responsible for at least some of the sex difference seen in young children. Girls had higher triglyceride and insulin values than boys in the oldest age group. This is in agreement with previous studies (28) (29) (30) (31) (41) (42) (43) (44) . It seems likely that this is associated with the growth spurt of girls at this age, observed as greater height and weight, in turn associated with endocrine changes occurring just before puberty. This suggestion is strongly supported by the findings of higher height, weight, insulin, and triglyceride values in girls who had passed menarche.
Strong interrelations were found between variables measuring body fat (body mass index and skinfolds), insulin, glucose, triglycerides, and blood pressure, which formed a cluster of tightly interwoven factors. In contrast to body mass index, waist:hip ratio was much less tightly associated with these metabolic factors and with blood pressure. This is different from observations in adults, where the contrary has been observed, waist: hip ratio being more closely associated with metabolic abnormalities (45) . The finding reported here thus raises questions about the significance of the waist: hip ratio as an indicator of metabolic aberrations in children. t Values In parentheses are the percentages referred to as "severely high" for cholesterol, triglycertdes, and blood pressure.
High levels of insulin, glucose, triglycerides, and blood pressure are risk factors for both cardiovascular disease and non-insulin-dependent diabetes mellitus. The prevalence of children with elevated levels of the above risk factors rose with increasing obesity. The same was true when insulin values were divided into quintiles and body mass index was included with glucose, triglycerides, and blood pressure. The prevalences of the included risk factors in the fifth quintile were quite similar regardless of whether body mass index or insulin values were divided into quintiles. These observations suggest that obesity and insulin are closely integrated with glucose, triglycerides, and blood pressure in children. When the same analyses were performed in studying the prevalence of children with more than one elevated risk factor, the prevalence of clustering diminished sharply with increasing numbers of risk factors. These findings suggest that an elevation of several of the risk factors in question is not frequently found in children. This agrees with results of a recent analysis conducted in adult women (46) ; there, however, waist: hip ratio was used as an anthropometric variable.
The distributions of anthropometric variables and blood pressure values reported here can be compared with some previous studies but not with others, because of differences in design, age groups, and methods. With regard to body mass index, the average values seen here do not seem to differ from those reported in several other studies carried out in Europe and the United States (23, 41, (47) (48) (49) (50) (51) . However, when comparison is made with a similar study from France (27) , it is apparent that in the highest percentiles (>50 percent) of body mass index, the children from Luxembourg Province have considerably (10-15 percent) higher values (not shown) (52) . This observation suggests that where obesity is present, it is more pronounced in the children from the present study than in a fairly closely ethnically related cohort from France.
Within Europe, the highest mean values for total cholesterol are found in the Nordic and central countries in comparison with those in the Mediterranean region. Mean cholesterol values reported in the United States generally appear to be higher than those in studies from other parts of the world. The cholesterol values found in this study seem to be among the highest so far reported (21-23, 28, 44, 47, 53, 54) . Only the results of the Finnish study (41) and the US National Health and Nutrition Examination Survey (55) showed higher values. However, the cholesterol determinations in the US study were made in serum, which yields higher values than analyses performed on plasma (as in the present study) (56, 57) .
Triglyceride levels in children have been less extensively studied than cholesterol levels. Boys and girls from Luxembourg Province showed higher values than children in other reports, including the Bogalusa Heart Study (United States) (58), the Finnish study (41) , the Lipid Research Clinics Study (United States) (28) , and reports from Italy (44, 47) . Few previous studies have analyzed insulin values in children. Only a comparison with the Finnish cohort (30) is pertinent because of the similarity of the age groups and methods. In comparisons, the results of the Finnish study did not reveal any statistical differences with the children studied here.
Blood pressure was higher in the children from Luxembourg Province than in children from several cohorts in Europe and the United States (21-23, 32, 47,59-61) , with the apparent exception of one Danish study (62) .
In summary, the children from Luxembourg Province seem to have values for total cholesterol, triglycerides, insulin, and blood pressure that are among the highest yet seen. In relation to the recommended "desirable" values for these variables (32, 63) , large fractions of the Belgian children examined have values above these recommendations (table 8) . In addition, although obesity is not apparent in comparisons of average values in other countries, where children in Luxembourg Province are obese, the obesity seems more pronounced than in other cohorts. Obesity and high levels of triglycerides, insulin, and blood pressure seem to be clustered and prevalent among these children. In addition, their cholesterol values are high. These findings, taken together, indicate that the prevalence of high risk for cardiovascular disease and non-insulin-dependent diabetes mellitus is markedly pronounced in the children from Luxembourg Province. This is of particular interest, because this is an area with a stable, ethnically homogeneous population. It seems likely that genetic predisposition toward several cardiovascular disease and diabetes risk factors is frequently expressed by environmental factors-e.g., poor nutrition and physical inactivity-in this relatively isolated area. This is similar to other areas, such
Am J Epidemiol Vol. 144, No. 9, 1996 as Finland, where clustering of these risk factors and diseases is well known. Genetic tracing of these perturbations would probably be of considerable interest.
